Motion at the first metatarsophalangeal joint in the sagittal plane is essential for normal function. Structural hallux limitus is considered present when there is less than the assumed 65°of dorsiflexion at the first metatarsophalangeal joint. Functional hallux limitus was described by Dananberg 1 as the functional inability of the proximal phalanx of the hallux to extend on the first metatarsal head. Full range of motion is available at the joint during the nonweightbearing examination, and the inability of the hallux to dorsiflex is considered to occur only during gait. This may be only a momentary restriction and may be invisible to the naked eye. This momentary blockade to sagittal plane motion at the first metatarsophalangeal joint occurs late in the stance phase, as heel lift is being initiated by the pull of the advancing body when motion is needed at this joint. If the first metatarsophalangeal joint is unable to provide an adequate range of dorsiflexion, even if it is only a temporary block, the motion that is needed can theoretically occur by a variety of compensatory mechanisms, such as early heel-off or excessive pronation at the midtarsal joint. [2] [3] [4] [5] [6] These compensatory mechanisms can result in a variety of pathologic symptoms. 6, 7 Clinically, the determination of functional hallux limitus is difficult, as there are generally no symptoms at the joint. It is necessary to observe the compensatory phenomena that are assumed to occur with functional hallux limitus. These can include lateral deviation of the center of pressure (determined by the in-shoe plantar pressure measurement), increased pronation at the midtarsal and subtalar joints (to use the dorsiflexion component at these joints), an abductory twist (so that the body can move weight around the blocked joint), early heel-off, and lack of full extension of the knee during propulsion. 1, 4-6 Dananberg 6 described a clinical test in which the range of motion of the first metatarsophalangeal joint 
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No information is available on the prevalence of the assumed compensatory mechanisms for functional hallux limitus when it is considered present. The aim of this study was to determine the sensitivity and specificity of the nonweightbearing clinical test for functional hallux limitus to predict abnormal pronation at the midtarsal joint.
Methods
Subjects were recruited from the undergraduate student population at La Trobe University. Inclusion criteria were the absence of any significant orthopedic or structural deformities of the foot and lower limb and the absence of any foot pain.
Two clinicians examined each subject by using the functional hallux limitus test as described by Dananberg 6 (Fig. 1) . In this nonweightbearing test, the examiner holds the foot of the subject in the subtalar joint neutral position. One hand is used to hold the first ray in a dorsiflexed position by loading the first metatarsal head. The other hand is used to dorsiflex the proximal phalanx of the hallux. The test result for functional hallux limitus was considered positive if there was immediate plantarflexion of the first metatarsal and negative if there was a delay in plantarflexion or a range of motion of the proximal phalanx on the first metatarsal before plantarflexion of the first ray occurred.
Two different clinicians then performed a visual gait analysis by observing the subject from the lateral view to determine abnormal midtarsal joint function (Fig. 2) . A pen was used to mark the navicular tuberosity to aid visualization. Abnormal midtarsal joint function was considered to be present if the navicular was observed to move in a plantar direction or to adduct when the heel began to lift off of the ground. This visualization was considered to be consistent with abnormal pronation of the midtarsal joint late in the midstance phase of gait and is one of the theoretical compensations for functional hallux limitus.
Results
A total of 43 subjects (86 feet) were recruited (mean [±SD] age, 24.0 ± 7.7 years; 25 women and 18 men). Two clinicians agreed that functional hallux limitus was present in 53 of the 86 feet and not present in the remaining 33. Function of the midtarsal joint during late midstance was agreed to be abnormal in 62 feet and normal in 24. Forty-five feet were considered to have both a positive functional hallux limitus test result and abnormal midtarsal joint function. Seventeen feet were considered to have a negative test result for functional hallux limitus and abnormal midtarsal joint function, giving a sensitivity for the functional hallux limitus test of 0.72. Eight feet had a positive functional hallux limitus test result and normal midtarsal joint function. Sixteen feet had a negative functional hallux limitus test result and normal midtarsal joint function, giving a specificity for the functional hallux limitus test of 0.66.
Discussion
The results of this study show that when the clinical functional hallux limitus test result is positive, abnor- mal function of the midtarsal joint is present 72% of the time, and when the test result is negative, there is an absence of abnormal function 66% of the time. This can be considered good sensitivity and specificity, especially in the context of previously published works 8, 9 showing that other types of static measures are not predictive of dynamic function. These results suggest that this clinical measure may be predictive of dynamic function.
Roukis et al 10 demonstrated the importance of first ray plantarflexion in allowing first metatarsophalangeal dorsiflexion. It is this intimate relationship between first ray function and metatarsophalangeal joint motion that forms the basis of the functional hallux limitus test. Kappel-Bargess et al, 11 while investigating the dynamic function of the windlass mechanism, showed that elevation of the arch and first ray plantarflexion that is related to first metatarsophalangeal joint dorsiflexion and the windlass mechanism occurred in two distinct groups. In one group, there was immediate raising of the arch on first metatarsophalangeal joint dorsiflexion, whereas in the other group, there was a delay in the raising of the arch with first metatarsophalangeal joint dorsiflexion. The group with the delay in the onset of the windlass mechanism, which results in the raising of the arch, also demonstrated greater calcaneal eversion than the group with immediate onset of the windlass mechanism. The theoretical construct of the sagittal plane facilitation model 4, 6 of foot function, based on the concept of functional hallux limitus and its putative compensations, is one explanation for the findings of Kappel-Bargess et al. 11 Although the results presented here suggest that the clinical functional hallux limitus test can be predictive of abnormal function, the nature of the study design does not imply causality. It cannot be ruled out that the abnormal midtarsal joint pronation observed during gait analysis could be caused by another, unidentified reason and that the clinical functional hallux limitus test result could be positive or negative by coincidence or caused by the same unidentified reason. The more traditional view is that hypermobility of the first ray, secondary to abnormal pronation of the subtalar joint, is the cause of functional hallux limitus. 12 However, the mechanism by which functional hallux limitus can cause abnormal midtarsal joint pronation is theoretically and biologically possible. Another limitation of this study was the use of visual gait analysis, which has been shown to have poor reliability 13 ; however, in this study two clinicians were used, and both agreed on the dichotomous variable of normal versus abnormal function.
Conclusion
Functional hallux limitus is an underrecognized entity because of the lack of symptoms that occur at the joint. Several possible compensatory mechanisms can occur if functional hallux limitus is present, as indicated by the nonweightbearing clinical functional hallux limitus test result. One compensation is excessive midtarsal joint pronation during the late stance phase as the heel begins to lift, which is observable only from the lateral view during gait. This study has shown good sensitivity (0.72) and specificity (0.66) for the functional hallux limitus test to predict this compensation. Clinicians should consider the possibility of functional hallux limitus when a late midstance "collapse" of the midtarsal joint is noted during gait and should include the clinical test for functional hallux limitus in the routine assessment of a patient's biomechanical function.
